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ABST RACT—We have adapted techniques developed for the extraction of DNA from formalin-fixed, paraflin-imbedded 


human tissues for use on preserved fish tissues. DNA was sncce sssfrilly extracted and the d- loop region of mitochondrial 


DNA was auplified with the polyine rase Chain reaction | P¢ 


ait 


The se quences of the anplific cL DNA from preserve “dand 


modern samples were identical. These techniques were also applied to fin tissue treated with a variety of presen atives. 


extraction of DNA from ethy] alcohol and air-dried fin tissues gave vields equivalent to those from frozen tissues. Extraction 


of DNA from preserve “dG miscum specimens Gh mre Or extinct taxa cole significantly increase the scope 
phyloge netic studies. Similarly, extraction of DNA from fin tissnes provides a nonlethal sampling 
biochemical systematic analyses of rare or endangered taxa. 


of systematic and 
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As apart of our ongoing stndies of the svsteim- 
atics of westem inonids mainly cutthroat 
trout (Oncorhynchus clarki), we were inter- 
ested in eatracting DNA from preserved fish 
tissues. Museum collections contain mi ny pre- 
served specimens, usnally stored in alcohol but 
originally fixed in form lin. These could repre- 
sent a significant reserve of information for svs- 
tematics research if the DNA conld 
successfully extracted. In addition, many popu- 
lations of western tront are in snch low numbers 
that collecting fish for systematic studies could 
seriously jeopardize their suvival. For this 
reason we also wanted to evaluate the applica- 
bility of preserved-tissue DNA extraction tech- 
niqnes to samples of fin tissue. Fin samples 
could be taken rapidly in the field with minimal 
stress to the fish. These samples could then be 
preserved for later DNA extraction. 

Medical researchers have developed) tech- 
niques for the extraction of DNA from formia- 
lin-fixed, paraffin-imbedded tissnes (Goetz ct 
al. 1985, Debeau et al. 1986). The DNA 
extracted from these tissues was of sufficient 
quality that restriction cutting and souther blot 
analysis were possible cians et al. 19S6). 
DNA has also been successfully extracted trom 
birds held in museum collections, both dried 
and preserved in 70% ethyl alcohol (Houde and 
Brann 19SS). The DNA extracted from alcohol- 
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preserved birds was significanth degraded 
(maximum size, 200 base pairs) ) while that from 
the dried tissues contained fragments 9-20 kb 
in Jength. But even if the DNA obtained with 
these procedures was degraded, the recent 
development of the polyme rase chain reaction 
procedure (PCR) (Saiki et al. 1955, 1985, Mullis 
et al. 1986, Mullis and Faloona 1987. Wong et 
al. LOST, White etal. 1989) provides a technique 
to amplify specific fragments of DNA as small 
as 200 base pairs. These amplified fragments 
can then be sequenced to decipher genetic rela- 
tionships (Saiki et al. 1985, Wrischnik et al. 
1987. Kocher et al. 1989.) Thomas and 
Beckenbach 1989). 


MATERIALS AND METIFODS 


Archived Specimens 


Cutthroat trout collected between 1926 and 
1982 and archived inthe fish range at the Monte 
L. Bean Life Science Museum, Brigham Young 
University. were used to determine the useful- 
ness of the formalin-extraction techniqne when 
applied to musenin specimens. Samples of liver. 
mausele, or gnt were taken from specimens rep- 
resenting a range of preservation times (Table 
1). Tissues were removed froin the specunens 
and placed in 20 volumes of TES butler (500m NI 
Tris. 20 mM ED PA, 10 mM NaCl, pll 9.0: Goetz 
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‘ons formalin-fixed musenm specimens of cutthroat tront (Oncorhynchus clarki). DNA vields were 


xectrometer absorbance readings at 260 im, 











Sample Total DNA 
tissue weight DNA vield 
Subspeet Your Location Nluscaim No. type (g) (yo) (ug/mg lssne) 
Che panei 1926 Snake R.. ED BYU #26792 liver 0.13 ies. 0.596 
Oe utah 1927 ali tak Syl #26750 liver ().64 567.5 O.SS7T 
Ode ntal 1910 Wtali (... ( BYU #26756 liver 0.65 310.0 Oke rare 
Oe ntal }9S2 Deaf Smith, UT BYU #176896 muscle 0.24 Ties 0.615 
Oe utah LQs2 Deal Smith, UT BYU #176890 gut ().42 965.0 2295 
Qe ntah 1925 Trout Cr, GT BYU #26858 liver 0.07 51.0 0.728 
OQ « utah Lost BYU #176793 muscle Ona D1 (523 


Deep Cr. UT 


et al. 19S5). 
2 ais: 


The bulfer was changed twice over 


in Tissnes 


Fin tissues were takeu from anesthetized 
hatchery rainbow tront (Oucoehyuclius arykiss) 
that r anged i in length from 15 to 25cm. Samples 
were taken from all fins but were restricted to 
the outer edges of the fins to more accurately 
represent the region that would be sampled in 
the field. Approximately Tocm™ of fin 
removed lor each si unple. These were placed in 
labeled) P.S-inl polyethylene tubes with gas- 
keted screw caps. Four samples were taken for 
each of six treatments applied to the fins. These 
were (a 10% formalin, (b) 40% isopropvl alco- 
hol, (¢) storage ina standard freezer at —20 C, 

‘ storage in an nitracold freezer set at —SO C, 

10% cthvd alcohol HtOHD, and () air-diving. 
ie samples were held in the tubes tor 45 davs, 
after which the preservatives were decante dand 
the tissnes soaked in TEY for 24 hours, with no 
change in the buffer. The frozen and air-dried 
samples were not soaked buffer prior to 
evtraction. One sample stored at —20 C was lost 
diving storage, 


Wal 


KeAtraction Procedure 


Tissue samples were mdnceedh with a clean 


razor blade to 2 mnior less in cross section) and 


placed in P3-ml centrifuge tubes with 10 mil of 


PEG awl Tool SDS. Five mig of proteinase kK 


loc ach sample, and the tubes were 


ped an Mbated ina shaking water bath 
lor 2% heirs 95 ©. Afadditional 3 mg of 
profetmese Koand OQ) am SIDS were added to 
eachiscn ple ariel iy mcd to the shak- 
me Water bath () 50 to remove 
residual undigest { Luiples Mole 
trouesterred to 30.4 qualvolume 





of phenol-chloroform was added to each. The 
tubes were inverted several tines to mix and 
then centrifuged in an SS-34 rotor at 10,000 rpm 
for 10 minutes. The aqueous phase from each 
sample was removed with an inverted glass 
pipette and placed into clean 30-1) tubes and 
the procedure repeated. A final extraction of the 
aqueous phase was made with one volume of 
chloroform and centrifuged as before. The 
aqueous phase from each sample was trans- 
ferred to a new tube and .I volume of 3: M 
sodimm acetate solution added. The mixtures 
were precipitated with one volume of 95% 
EtOH and stored at —20 C ovemight (12 hours 
minimum). Each sample was centrifuged 
10,000 rpm lor 10 minutes and the supernatant 
carefully poured off, leaving a DNA pellet. The 
pellets were washed with 70% e thy] alcohol and 
centrifuged again for 10 minutes at 10 O00 rpm. 
The elcohol eva poured off and the samples 
allowed to air dry. The pellets were resuspended 
ina 3M Tris, 0.2 mNE EDTA solution (pH 
7.2). RNase was added to a final concentration 
of 20 pe/ml. 


RESULTS AND DISCUSSION 


Archived Specimens 


Miiscle and liver tissnes viclded comparable 
amounts of DNA, and eve eptionally high vields 
were ont ined from the sample of gut tissue 
(Vable E). Because the ent tissue was eeclied in 
butler insaeatinte alter removal from the pre- 
served specimen, contamination from items in 
the alimentary canal should have been minimal. 
Gut tissue was easily digested, indicating a rel- 
atively rapid release of DNA (Dubean et al. 
1986), and this could have been associated with 
the high vields. DNA samples (20 wl) from the 
museum specimens were electrophoresed on a 
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Fig. 1. DNA electrophoresed on 1% agarose gels after being extracted (Fig. 1A) from formalin-preserved museum 
specimens and following PCR amplification (Fig. 1B). The DNA from the trout collected in 1926 (liver) is only faintly visible 
(lane 1, Fig. 1A). The DNA from 1927 (liver), 1940 (liver), 1982 (muscle), and 1982 (gut) are in lances 2-5, respectively. The 
DNA in lane 6 was extracted from a contemporary [rozen liver sample. The PCR products are shown in Fignre 1B. Lanes 
1-6 in Figure 1B correspond to the DNA templates shown in lanes 1-6 in Figure 1A, 


TABLE 2. A comparison of the nucleotide sequence (120 base pairs) from the SD-1 region of the mitochondrial DN A 
d-loop. The DNA was amplified with the polymerase chain reaction. The top row represents the base sequence from 
frozen-tissue DNA. and the lower row represents the sequence trom a formalin-preserved specimen. The frozen-tissi 
specimen (BYU #90621) is O. c. utah, from MckKinzie Creek, UT, collected S-17-SS. The preserved-tissue specimen (BYt 
#26755) is O. c. utah, from Utah L., UT, collected in 1927. Both vouchers are archived in the fish range at the Monte LE. 


Bean Life Science Museum, 





Frozen AR GGCTATCC TTA 

Preserved \eCGCGCCTHoY GC Tul Xe 
MCC GMA GT A LA ¢ 
Ra7TCCGAAG TA LA ¢ 
Peat CT AT T (ie Gil is 
GCEATCTTATT Ee! Heel SRS ( 
Coe Tree aor T ATA’ 
Gore Freer t ATA 





1% agarose gel containing ethidium bromide 
(Fig. 1A) to verify extraction. The DNA samples 
extracted from fresh and preserved tissue sam- 
ples were used in a PCR reaction (25 pl total 


volume) using primers for the d-loop region of 


trout mitochondrial DNA developed by k. 
Thomas (University of California, Berkeley), 
with standard conditions (Perkin elmer Cetus. 
Nonvalk, Connecticut). Cycle times and teim- 
peratures were | minute at 92 C, PT minite at 53 
Sean nutes at 72C, for 35 cycles PCH 
products are shown in Fignre 1B. DNA extrac- 
tion controls contaming no fish tissue did not 
vield PCR products under identical conditions 
(data not shown). Subsamples of the PCR prod- 
ucts from preserved and fresh tissue samples 
were sequenced (Fig, 2) and compared with 


GeYAAC ( MOC oie. a 30 
Gera AC ( AGCCCCTGS*4 
rATCTGG PTeVWA TG TG. T 60 
mato GG TTAATGGTGT 
GTTra¢ CAT CAB CCCG 90) 
C | det CAC Cea CCcG 
Cov C RAC: Cre Gee i Gee 12) 
GAC Tea G CG Geant TG 


contemporary sequence cata from cutthroat 
trout (Table 2). The sequence data were identi- 
cal, indicating that within the amplified segment 
no base modifications had occurred in the for- 
matin-preserved sample. 


Fin Clips 


We obtained DNA from all fin clips regardless 
of preservation method. Mean yields ranged 
from alow of 0.40 we/ing of tissue from forma- 
lin-preserved fin clips to a high of 1.104 pg/fng 
in air-dried samples (Table 3). The treatment 
effects were examined with analysis of variance 
(Table 4). anda highly significant difference was 
found between the treatments. Fisher's least 
significant difference multiple comparison pro- 
cedure was applied to separate those treatment 
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Fig. 2 at left) Sequence gel from a portion of the imito- 

FE chondrial DNA d-loop. Column A is the sequence for a 
contemporan simple of trout DNA (BYU #90621) and 
column B is the se quence from a preserved trout speciinen 
(BYU #26755) collected in 1927. The sequence gel is read 
from the bottom np, and the cohinms represent guanine |G, 
adenine (At thymine (T), and evtesine (C), respectively. 
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Tvpir 3. DNA vields from fin tissue preserved with dif- 
- ferent Ae The fin clips, approximately 1 em7 ? each, 
a were taken from hatchern-reared rainbow — trout 
- (Oncorhynchus mykiss). DNA vields were determined 
-_ nsing UV spectrometer absorbance readings at 260 mn. 
i 
Preservation N Nlean Standarel 
method vield deviation 
(pe/ing) 
formalin a | 0.402 Olan 
40% isopropyl f 0.569 O.1911) 
ot Mt ee 3 0.644 QO. LOOL6 
SUC: a Waa) 0.06295 
TOR tol | 0 ae teas 0.07964 
air-dried 4 1.404 (53443 





groups that differed significanth: fron one 
another. These comparisons (Fig, 3) indicate 
that the air-dried treatinent gave vields signifi- 
canth higher than the other treatments. 
Beeanse the weights used in calculating the 
DNA vields were the preextraction values and 
not the pretreatment weights, the initial weights 
prednving) of the air-dried samples are not 
known, However, based on the initial size of the 
fin clips, they are assumed to have been similar. 
While air- diving vields are much better than 
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TABLE. One-way amulvsis ol variance of the fin clip treatment effect on DNA vicld 


Source Degrees of Simin of 

freedom squares 
Treatinent > NHS 8 8 pi 
error 1 0.289} 1] 
Total (adj) 22 143-424 


those resulting from other preservation meth- 
ods, the Jack of preservatives could allow 
secondary contamination of samples throngh 
bacterial or fimgal colonization, and air- ~drying 
probably Sion not be used in collecting sam- 
ples in humid areas or where adequate storage 
is not possible. The vields obtained from oth 
alcohol preserv ation are eqnal to those from 
frozen tissues and superior to both isopropyl 
alcohol and formalin preservation. Of the pre- 
servatives examined in this study, ethyl alcohol 
would appear to be the presen ‘ative of choice in 
most field sitiations. This eliminates the neces- 
sity of carnving dry ice or liquid nitrogen into the 
field to preserve tissues, Other preservative solu- 
tions should be considered: for instance, Seutin, 
White, and Boag (1991) reported successful DNA 
extraction from avian tissues preserved ina mix- 


ture of EDTA, NaCl, and DMSO. 
CONCLUSIONS 


The ability to extract, amplify. and Sequence 
DNA from formalin- preserved pnimseumn speci- 
mens increases the information value of uiisecum 
holdings. In addition to being a record of morpho- 
logical and ineristic information. the specimens 
can be used in biochemical stidies. Beeanse 
museum collections include type specimens, rare 
species, and representatives of now extinct forms, 
many key phvlogenctic relationships can be reex- 
amined. The extraction techniques can be applied 
to contemporary preserved tissnes as well. Fin 
tissues give adequate vields with this techuique for 
both restriction enzvime digestion aid PCR ampli- 
fication. Fin si unples, Sicliean be taken nonleth- 
ally, present opportunities lo examine fish 
poptations that would othenvise be inaecessi- 
ble to tissne collection because of management 
considerations. 
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